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BIPOLAR PLATES AND END PLATES FOR FUEL CELLS AND METHODS 
FOR MAKING THE SAME 



Fuel cells are capable or converting electrochemical energy into electrical 
energy, and as such perform the same function as batteries. However, unlike batteries 
that run down and require recharging, fuel cells produce electricity as long as fuel is 
supplied to the cell. Fuel cells are also highly efficient devices. For example, fuel 

1 5 cells may convert fuels to useful energy at an efficiency as high as 60 percent, 

whereas internal-combustion engines are limited to efficiencies of near 40 percent or 
less. In addition, fuel cells do not necessarily depend on fossil fuels, do not emit 
noxious gases such as nitrogen dioxide and produce virtually no noise during 
operation. Fuel cells are therefore attractive sources of electrical power, and are being 

20 developed for use in power stations, car engines, portable electronic devices, etc. 

The simplest of fuel cells consist of two electrodes (an anode and a cathode) 
sandwiched around an electrolyte. Hydrogen fuel is fed to the anode and oxygen (or 
air) is fed to the cathode. In the presence of a catalyst such as platinum, the hydrogen 
atom splits into a proton and an electron at the anode. The proton and electron then 

25 proceed along separate paths to the cathode; while the proton reaches the cathode via 
the electrolyte the electron creates a separate current through an electrical circuit. The 
proton and electron reunite at the cathode and react with oxygen to produce water. 
Overall, the electrochemical reactions involved are: 

30 At the anode: 2H 2 -» 4FT" + 4e~ 
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BACKGROUND OF THE INVENTION 



At the cathode: 



0 2 + 4e + 4H + 2H 2 0 



Overall: 



2H 2 +0 2 -^2H 2 0 
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In order to maximize the contact area available between the hydrogen fuel, the 
oxygen, the electrode, and the electrolyte, and in order to minimize the distance that 
the protons need to travel between the electrodes, the electrodes and electrolyte are 
5 usually made to be flat and thin. In addition, the structure of the electrodes is usually 
porous. 

The voltage produced between the anode and cathode of a fuel cell is typically 
on the order of about 0.7 V. As a consequence, in order to produce a practical voltage 
(e.g., between about 10 and 100 V) many fuel cells need to be connected in series. 

1 0 Such a collection of fuel cells is referred to as a fuel cell "stack". The preferred 

method of connecting neighboring fuel cells in a stack involves separating them with 
"bipolar plates". The bipolar plates must provide a good electrical connection 
between the anode and cathode of neighboring fuel cells and provide a means of 
feeding hydrogen to the anode of one fuel cell, oxygen to the cathode of its neighbor, 

1 5 all the while preventing the hydrogen and oxygen from mixing. 

A bipolar plate is typically constructed by creating flow channels on two 
opposing faces of a conductive substrate (e.g., graphite or a metal). The flow 
channels provide a flow system for feeding hydrogen or oxygen to the electrodes, and 
the plateaus defined between the flow channels provide an electrical contact between 

20 the neighboring electrodes. 

Existing fuel cells utilize bipolar plates that are machined out of solid graphite 
or metals, molded or pressed from composite graphitic materials, or formed out of the 
fuel cell material itself. These methods can be very expensive, have material 
compatibility limitations, and do not typically offer the stack designer a great amount 

25 of design flexibility, especially with respect to feature size and complexity. The 
limitations of current bipolar plate design and construction may become severe 
restrictions in the development of future fuel cells, particularly in the development of 
small scale portable fuel cells that may require very thin, substantially planar plates 
with narrow flow features. For example, graphitic plates are both brittle and porous 

30 and therefore break when machined and/or become permeable to hydrogen and 
oxygen fluids below a certain thickness. 
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In addition, in order to produce fuel cells that operate under stable conditions, 
there is a need in the art for the development of a variety of sensors and devices that 
would allow a variety of fuel cell parameters such as fuel flow rates, electric current 
load, gas and liquid pressures, fuel or cell temperature, etc. to be both monitored and 
5 controlled. Ideally, these sensors and devices could be incorporated within the 

relatively bulky bipolar plates; however, current bipolar plate construction and design 
methods do not provide the tools necessary for such developments and fine detail. 

Accordingly, it would be desirable to provide bipolar and end plates and 
methods of making bipolar and end plates for fuel cells that overcome these 
10 limitations. 

SUMMARY OF THE INVENTION 
The present invention addresses and solves the above-mentioned problems by 
providing bipolar plates for fuel cell stacks that include a semi-conductive or a 
1 5 conductive body having a first face adapted to contact an anode of a first fuel cell and 
a second face adapted to contact a cathode of a second fuel cell. The first face 
comprising a flow channel adapted to confine fuel fluids, and the second face 
comprising a flow channel adapted to confine oxidizing fluids. 

A method of making the bipolar plate of the present invention comprises the 
20 steps of providing a semi-conductive or conductive substrate having a first and a 

second face and etching a flow channel from both the first face and the second face. 

DESCRIPTION OF THE DRAWING 
Figure 1 is a perspective view of a simple bipolar plate; 
25 Figures 2A and 2B are side views of a fuel cell stack; 

Figure 3 is a cross-sectional view of a simple bipolar plate; 
Figure 4 is a top view of a bipolar plate showing a flow channel with a 
serpentine path; 

Figure 5 is a perspective view of a bipolar plate that includes internal flow 
30 manifolds; 

Figure 6 is a side view of a bipolar plate that includes a conduit and a sensor; 
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Figure 7 is a perspective view of a bipolar plate that includes an internal 
recuperative heat exchanger; 

Figure 8 is a top view of a bipolar plate that includes a resistive heating 
element; 

5 Figure 9 is an electrical schematic diagram of a circuit that includes a fuel cell 

power supply and a device; 

Figure 1 0 is a flow chart depicting the simplest steps involved in the method 
of the present invention; 

Figure 1 1 depicts the etching of a flow channel through the use of a patterned 

10 mask; 

Figure 12 depicts the creation of a conduit by etching and subsequent bonding; 

and 

Figure 13 is a flow chart depicting optional steps that may be included in the 
method of the present invention. 

15 

DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS 
Referring to Figure 1 , the bipolar plate of the present invention is generally 
designated as 10. The bipolar plate 10 has a first face 14, and a second face 16 
preferably opposed to the first face 14. Referring now to Figure 2, the bipolar plate 

20 1 0 is designed to form an electrical contact between a first fuel cell 1 8 and a second 
fuel cell 20. The first fuel cell 18, the bipolar plate 10, and the second fuel cell 20 are 
preferably arranged in a stack 22. The first fuel cell 18 includes an anode 24, a 
cathode 26, and an electrolyte 28 arranged between the anode 24 and the cathode 26. 
The second fuel cell 20 also includes an anode 30, a cathode 32, and an electrolyte 34 

25 arranged between the anode 30 and the cathode 32. In order to form an electrical 
contact between the first fuel cell 18 and the second fuel cell 20, the first face 14 of 
the bipolar plate 10 is adapted to contact the anode 24 of the first fuel cell 18, and the 
second face 16 of the bipolar plate 10 is adapted to contact the cathode 32 of the 
second fuel cell 20. 

30 It will be appreciated that any number of bipolar plates 1 0 of the present 

invention may be incorporated between any number of fuel cells 1 8 or 20 to form a 
stack 22. As is well known in the art, and as was mentioned earlier, in order to obtain 
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practical power outputs and voltages, fuel cell stacks typically comprise between 
about 2 and about 200 individual fuel cells arranged in series (for a general 
introduction to bipolar plates and fuel cells see, for example, Fuel Cell Systems 
Explained by Larminie et al., John Wiley & Sons, New York, NY, 2000, the contents 
5 of which are hereby incorporated by reference). The working voltage (i.e., when 
producing an output current) of individual fuel cells typically ranges between about 
0.4 V and about 0.7 V. The voltage across multiple fuel cells linked in series, as in 
the fuel cell stack 22 of Figure 2, is equal to the sum of the voltages of the individual 
fuel cells that form the stack. The working voltage of a typical fuel cell stack may 

10 therefore potentially range between about 1 V and about 140 V. 

It is to be understood that within the parameters discussed herein, the bipolar 
plate 10 may have any thickness as desired and/or suitable for a particular application. 
The bipolar plate 10 should ideally be as thin as possible, as light as possible, as 
electrically conductive as possible, yet should be sufficiently strong to bear the 

1 5 mechanical forces experienced within the stack 22, sufficiently impervious to gases or 
liquids to minimize leaks, and sufficiently inert to resist the corrosive environment 
experienced within the stack 22. The bipolar plate 10 may, for example, have any 
thickness between about 20 microns and about 10,000 microns, between about 20 
microns and about 5,000 microns, between about 20 microns and about 3,000 

20 microns, between about 50 microns and about 2,000 microns, between about 50 
microns and about 1,000 microns, between about 100 microns and about 1,000 
microns, or between about 500 microns and about 1,000 microns. 

The first face 14 (or second face 16) of the bipolar plate 10 may have any 
width, length or diameter, and may be of any shape as desired and/or suitable for a 

25 particular application. Preferably, the faces 14 and 16 of the bipolar plate 10 are of 
substantially the same size and shape. The shape of the first face 1 4 (or second face 
16) may be angular, curved, or a mixture thereof. The first face 14 (or second face 
16) may, for example, be rectangular, triangular, trapezoidal, polygonal, circular, or 
oval. The width, length, or diameter of the first face 14 (or second face 16) may range 

30 anywhere between about 5 mm and about 500 mm, between about 10 mm and about 
300 mm, between about 15 mm and about 200 mm, between about 20 mm and about 
100 mm, or between about 25 mm and about 90 mm. 
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In order to maintain the structural stability of the fuel cell stack 22, the bipolar 
plate 10 should preferably have a coefficient of thermal expansion that is closely 
matched to the coefficient of thermal expansion of other components of the fuel cell 
stack 22. In certain embodiments, the bipolar plate 10 may be made of a material 
5 with a heat conductivity that is sufficiently large to prevent the build up of large 
temperature gradients within the bipolar plate 10. In certain other embodiments, the 
bipolar plate 10 may be made of a material with a heat capacity that is sufficiently 
small to promote a rapid increase in the temperature when the bipolar plate 10 is 
heated. 

10 In certain embodiments of the present invention, the bipolar plate 10 may be a 

semi-conductive material. It is to be understood, that within the parameters discussed 
herein, the semi-conductive material may be any Group IV semiconductor, any Group 
III-V semiconductor, or any Group II- VI semiconductor as desired and/or suitable for 
a particular fuel cell application. For example, Group IV semiconductors may include 

1 5 silicon, germanium, and silicon germanium compounds; Group III-V semiconductors 
may include compounds of aluminum, gallium, indium, phosphorous, arsenic, and 
antimony, such as gallium arsenide, gallium phosphide, indium phosphide, indium 
antimonide, gallium aluminum arsenide, and indium gallium phosphide; and Group 
II- VI semiconductors may include compounds of zinc, cadmium, sulfur, selenium, 

20 and tellurium, such as zinc telluride, zinc sulfide, cadmium telluride, and zinc 
cadmium telluride. 

The semi-conductive materials of the present invention may be doped with 
boron, aluminum, gallium, indium, nitrogen, phosphorous, arsenic, antimony, 
bismuth, or a mixture thereof. As is well known in the art, the electrical resistivity of 

25 a semi-conductive material can be adjusted by modifying the nature and/or 

concentration of the dopant. The semi-conductive material may comprise any 
concentration of any dopant as desired and/or suitable for a particular fuel cell 
application. The semi-conductive material may be doped in such a way that, at the 
fuel cell operating temperature, the resistivity of the bipolar plate 1 0 ranges between 

30 about 0.0001 Q.cm and about 1 00 Q.cm, between about 0.00 1 Q.cm and about 80 
Q.cm, between about 0.01 Q.cm and about 70 Q.cm, between about 0.05 Q.cm and 
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about 60 Q.cm, between about 0.1 Q.cm and about 50 Q.cm, between about 0.1 Q.cm 
and about 40 Q.cm, or between about 0.2 Q.cm and about 30 Q.cm. 

In certain other embodiments of the present invention, the bipolar plate 10 
may be a conductive material. The bipolar plate 10 may, for example, be a metal or a 
5 carbon material, preferably graphite. The bipolar plate 1 0 may be any metal or metal 
alloy that is compatible with the physical and chemical environment of the fuel cell 
stack 22. Preferred metals are heat- and/or corrosion-resistant and include, but are not 
limited to, stainless steel, nickel, iron, chromium, tungsten, carbon, cobalt, titanium, 
and alloys thereof (e.g., members of the INCONEL™ family from International 

1 0 Nickel Company of Wexford, PA, and members of the HAYNES™ or 
HASTELLOY™ families from Haynes International of Kokomo, IN). 

In addition to providing an electrical contact between the fuel cells 18 and 20 
of the fuel cell stack 22, the bipolar plate 10 of the present invention is designed to 
distribute fuel fluids over the surface of the anode 24, and oxidizing fluids over the 

15 surface of the cathode 32. Referring now back to Figure 1, to achieve this fluid 

distribution, the first face 14 of the bipolar plate 10 includes at least one flow channel 
36, the flow channel 36 adapted to confine fuel gases, vapors, liquids, or aerosols. 
The second face 1 6 of the bipolar plate 1 0 also includes at least one flow channel 3 8, 
the flow channel 38 adapted to confine oxidizing gases, vapors, liquids, or aerosols. 

20 The flow channel or channels 36 (or 38) may have any width or depth, and 

may have any cross-sectional profile as desired and/or suitable for a particular 
application, the cross-sectional profile defined as the profile of a cross-section taken 
at right angles to the flow channel 36 (or 38). The cross-sectional profile of the flow 
channel 36 (or 38) may be angular, curved, or a combination thereof. The cross- 

25 sectional profile of the flow channel 36 (or 38) may, for example, be semi- 
rectangular, semi-triangular, semi-trapezoidal, semi-polygonal, semi-circular, or semi- 
oval. The flow channel 36 (or 38) may have any width between about 1 micron and 
about 5,000 microns, between about 1 micron and about 2,000 microns, between 
about 10 microns and about 1,000 microns, between about 15 microns and about 500 

30 microns, between about 20 microns and about 500 microns, between about 50 

microns and about 300 microns, or between about 75 microns and about 200 microns. 
The flow channel 36 (or 38) may have any depth between about 1 micron and about 
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3,000 microns, between about 1 micron and about 2,000 microns, between about 1 
micron and about 1,000 microns, between about 5 microns and about 500 microns, 
between about 5 microns and about 200 microns, between about 10 microns and about 
1 50 microns, or between about 20 microns and about 100 microns. Within these 
5 ranges, the width and depth of the flow channel 36 (or 3 8) will be determined in part 
by the dimensions of the bipolar plate 10. The width, depth, and cross-sectional 
profile of the flow channel 36 (or 38) may be substantially uniform or non-uniform 
over the length of the flow channel 36 (or 38). 

As illustrated in Figure 1 (and further in Figures 3 and 4), the flow channel or 

10 channels 36 (or 38) on the first face 14 (or second face 16) of the bipolar plate 10 

define plateaus 40 (or 42) therebetween. It will be appreciated that the surface area of 
the first face 14 (or second face 16) of the bipolar plate 10, is divided between the 
flow channel or channels 36 (or 38) and the plateaus 40 (or 42). It will also be 
appreciated that the volume of fuel (or oxidizing) fluid confined by the flow channel 

1 5 or channels 36 (or 3 8) is determined in part by the width and depth of the flow 

channel or channels 36 (or 38). It will further be appreciated that the surface area of 
the plateaus 40 (or 42) determines in part the fraction of the surface area of the first 
face 14 (or second face 16) that is adapted to contact the anode 24 (or the cathode 32). 
It will yet further be appreciated that the surface area of the plateaus 40 (or 42) is 

20 determined in part by the width of the flow channels 36 (or 38) and in part by the 
number of flow channels 36 (or 38) associated with the first face 14 (or second face 
16). 

Some of the advantages of a large contact surface area between the first face 
14 (or second face 16) of the bipolar plate 10 and the anode 24 (or cathode 32) 

25 include greater electrical conductivity between the fuel cells 1 8 or 20 of the stack 22 
and better physical support of the stack 22. However, without an increase in the depth 
of the flow channel or channels 36 (or 38) or a change in the cross-sectional profile of 
the flow channel or channels 36 (or 38), a large contact surface area will 
automatically be associated with a small flow volume within the flow channel or 

30 channels 36 (or 38) and hence will mitigate against good fluid flow over the anode 24 
(or cathode 32). Choosing the width, depth, path, and cross-sectional profile for the 
flow channel 36 (or 38), and the number of flow channels 36 (or 38) when more than 
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one flow channel 36 (or 38) is present, will therefore always involve making a 
compromise between achieving adequate electrical contact between the fuel cells 1 8 
and 20 of the stack 22 and achieving adequate fluid flow within the flow channel or 
channels 36 (or 38). 

5 One of the advantages of having a large number of narrow flow channels 36 

(or 38) associated with the first face 14 (or second face 16) instead of a few wider 
flow channels 36 (or 38) is that it provides, for a fixed flow volume (defined as the 
volume confined within the flow channels 36 (or 38)), a larger surface area for contact 
and hence reaction between the electrode and the fuel or oxidizing fluid. However, 

1 0 the pressure drop along narrow flow channels is greater than along wider flow 

channels, and hence, maintaining the same flow rate in the narrower flow channels 
will require a greater energy input. Deciding on the dimensions and number of flow 
channels to be associated with the first face 14 (or second face 16) will therefore also 
involve a tradeoff between achieving adequate contact between the electrodes and 

1 5 fuel or oxidizing fluids and achieving adequate fluid flow within the flow channel or 
channels 36 (or 38). 

The flow channel 36 (or 38) may follow any path across the first face 14 (or 
second face 1 6) of the bipolar plate 1 0. The only restriction placed on the 
characteristics of the path is the requirement that it be in communication with the side 

20 or sides 44 of bipolar plate 10 in at least two locations (i.e., that there be at least one 
inlet region 46 and at least one outlet region 48 for communication with an inlet and 
outlet flow manifold). The path may be substantially linear or substantially non- 
linear. In certain preferred embodiments, the flow channel 36 (or 38) may follow a 
path that is serpentine. In certain embodiments, the flow channel 36 (or 38) may be 

25 branched. In certain preferred embodiments, the characteristics of the flow channel 
36 (or 38) may be chosen in order to optimize both the reactant depletion and product 
removal profiles along the path of the flow channel 36 (or 38). Figures 3 and 4 depict 
side and top views respectively, of a bipolar plate 10. 

Although not shown, it will be appreciated that the at least one inlet region 46 

30 and at least one outlet region 48 of the flow channel or channels 36 may be attached 
to external inlet and outlet manifolds (not shown for simplicity) that are in turn 
connected to an external flow system (not shown for simplicity) that maintains a 
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supply of fuel to the anode 24 and removes unwanted waste products and heat. It will 
also be appreciated that the at least one inlet region 46 and at least one outlet region 
48 of the flow channel or channels 38 may be connected to a separate external flow 
system (also not shown for simplicity) that maintains a supply of oxidizing agent to 
5 the cathode 32 and also removes unwanted waste products and heat. The design of 
the fluid flow system and the inlet and outlet manifolds may include a heat 
exchanging system that transfers heat via the fuel (or oxidizing) flow system from the 
hotter fuel cells located towards the center of the stack 22 to the colder fuel cells 
located towards the extremities of the stack 22. Such a design reduces the 

1 0 temperature gradient across the stack 22 and therefore minimizes the risk of fuel cell 
failure. Various designs for connecting flow channels to flow manifolds and flow 
systems are described in the art, see for example, Fuel Cell Systems Explained by 
Larminie et al., supra. 

Referring now to Figure 5, it is further to be understood, that in certain 

1 5 embodiments, the bipolar plate 10 may further comprise internal inlet 58 (or 62) and 
internal outlet 60 (or 64) flow manifolds. Such an embodiment would reduce the 
challenges (e.g., external seals etc.) associated with connecting the bipolar plate of 
Figure 1 with an external flow manifold. As illustrated in Figure 5, fuel fluids could 
be pumped (via an external flow system) into the flow channel or channels 36 (or 38) 

20 via the internal inlet flow manifold 58 (or 62) and would then exit via the internal 
outlet flow manifold 60 (or 64). 

It is yet further to be understood that, the characteristics (e.g., width, depth, 
cross-sectional profile, number, and path) of the flow channels 36 and 38 are 
independent. In certain embodiments, some or all of the characteristics of the flow 

25 channels 36 and 38 may be substantially the same. However, in certain other 

embodiments, some or all of the characteristics of the flow channels 36 and 38 may be 
substantially different. In certain preferred embodiments, the width, depth, cross- 
sectional profile and number of the flow channels 36 and 38 may be substantially the 
same. As illustrated in Figure 1, in such embodiments, the paths of the flow channels 

30 36 and 38 may, for example, be linear and mutually perpendicular. In other 

embodiments, the paths of the flow channels 36 and 38 may be linear and mutually 
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parallel. It will be appreciated that in such parallel embodiments, the flow within the 
flow channels 36 and 38 may be concurrent or counter-current. 

It is further to be understood that when more than one flow channel 36 (or 38) 
is associated with the first face 14 (or second face 16), the characteristics of the flow 
5 channels 36 (or 38) are also independent. In certain preferred embodiments, some or 
all of the characteristics of the channels 36 (or 38) may be substantially the same. As 
illustrated in Figure 1, in such embodiments, the paths of the flow channels 36 (or 38) 
may be linear and mutually parallel. In certain other embodiments, some or all of the 
characteristics of the channels 36 (or 38) may be substantially different. 

1 0 In certain embodiments, the first face 14 (and/or second face 16) including the 

flow channel or channels 36 (or 38) and plateaus 40 (or 42) may further be coated 
with a precious metal such as gold. As will be appreciated by one of ordinary skill in 
the art, the presence of an unreactive precious metal layer may prove advantageous in 
preventing the build of an insulating oxide layer on the faces 14 and/or 16 of the 

15 bipolar plate 10. 

It is to be understood, that within the parameters discussed herein, the fuel 
gases, vapors, liquids or aerosols confined by the flow channel or channels 36 of the 
first face 14 may comprise any fuel as desired and/or suitable for a particular fuel cell 
application. As is well known in the art, fuel gases, vapors, liquids or aerosols for 

20 fuel cells may comprise hydrogen, carbon monoxide, ammonia, water, alkali metal 

hydrides, alcohols, hydrocarbons, or mixtures thereof. Preferred alkali metal hydrides 
include lithium hydride, sodium hydride, aluminum hydride, calcium hydride, 
potassium hydride, lithium borohydride, sodium borohydride, and aluminum 
borohydride. Preferred alcohols include methanol and ethanol. Preferred 

25 hydrocarbons include methane, ethane, butane, propane, and pentane. Preferred 

hydrocarbon mixtures include hydrocarbon reformate mixtures, gasoline, kerosene, 
diesel, and natural gas. 

It is also to be understood, that within the parameters discussed herein, the 
oxidizing gases, vapors, liquids, or aerosols confined by the flow channel or channels 

30 38 of the second face 16 may comprise any oxidizing agent as desired and/or suitable 
for a particular fuel cell application. As is well known in the art, oxidizing gases, 
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vapors, liquids, or aerosols for fuel cells may comprise air, oxygen, hydrogen 
peroxide, water, a nitrous oxide, or mixtures thereof. 

In certain embodiments of the present invention, the flow channel 36 on the 
first face 14 of the bipolar plate 10 may be coated with a reforming catalyst 15 to 
5 enable the in situ reforming of fuels. The flow channel 36 may be substantially 
coated over its entire length or may be selectively coated over sections of its length. 
Reforming catalysts facilitate the conversion of naturally occurring fuels (e.g., 
ammonia, methanol, methane, gasoline, kerosene, diesel, etc.) into hydrogen and 
include platinum, ruthenium, rhodium, nickel, cerium, iron, chromium, cobalt, 

10 manganese, copper, aluminum, and oxides thereof. 

In one embodiment, the catalyst may be used to facilitate the decomposition of 
ammonia into hydrogen and nitrogen. In another embodiment, the catalyst may be 
used to facilitate the release of hydrogen from alkali metal hydrides. As is known in 
the art, the release of hydrogen from alkali metal hydrides occurs readily at room 

1 5 temperature in the presence of catalysts such as ruthenium. In yet another 

embodiment, the catalyst may be used to accelerate the conversion of hydrocarbons 
and/or alcohols to hydrogen and carbon monoxide and/or carbon dioxide by steam 
reforming. Steam reforming of hydrocarbons is typically performed over an alumina, 
zirconia, or silica supported nickel catalyst at temperatures that exceed 500 °C. Steam 

20 reforming of alcohols involves a smaller activation barrier than steam reforming of 
hydrocarbons and can therefore be performed over a zinc oxide supported copper 
catalyst at more modest temperatures (e.g., 250 °C). 

Referring now to Figure 6, the bipolar plate 10 may further include a conduit 
50 that passes through the bipolar plate 10. The conduit 50 may have any cross- 

25 sectional profile and dimension as desired and/or suitable for a particular application, 
the cross-sectional profile defined as the profile of a cross-section taken at right 
angles to the path of the conduit 50. In preferred embodiments, the conduit 50 has a 
circular cross-sectional profile and a generally tubular shape. The conduit 50 may 
have any cross-sectional dimension (e.g., width or diameter) depending on the 

30 dimensions of the bipolar plate 10. Preferably, the cross-sectional dimension of the 
conduit 50 ranges anywhere between about 1 micron and about 2,000 microns, 
between about 1 micron and about 1,000 microns, between about 10 micron and about 
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500 microns, between about 20 microns and about 500 microns, between about 50 
micron and about 500 microns, between about 100 microns and about 400 microns, or 
between about 150 microns and about 300 microns. The conduit 50 may follow any 
path through the bipolar plate 10, for example, the path may be substantially linear or 
5 it may be serpentine. In certain embodiments the bipolar plate 10 of the present 
invention may include a plurality of conduits 50. As with the flow channels 36 and 
38, the conduit or conduits 50 each include at least one inlet region and at least one 
outlet region that allow the conduit or conduits 50 to be connected to inlet and outlet 
manifolds (again not shown for simplicity) that are in turn connected to a flow system 

1 0 (not shown for simplicity). 

In certain embodiments, the conduit 50 may be a temperature regulating 
conduit. The conduit 50 may, for example, be adapted to carry a cooling fluid. The 
electrochemical reactions that occur within fuel cells are exothermic, and as a 
consequence heat management plays an important role in the design of fuel cells. 

1 5 Passing an externally cooled fluid through the conduit 50 of the bipolar plate 1 0 

would allow waste heat to be rapidly and efficiently removed from the fuel cell stack 
22. It will be appreciated, that the conduits 50 of the fuel cells of a fuel cell stack 22 
may be connected to each other, to a flow system, and to a cooling system via any 
known approach. One could envisage, for example, designing the manifolds and flow 

20 system in such a way that the cooling fluid passes through the bipolar plates that are 
located towards the center of the fuel cell stack 22 before passing through the bipolar 
plates that are located towards the edges of the fuel cell stack 22. As was described 
earlier for the flow channels 36 and 38, such a design would reduce the temperature 
gradient between the hot and cold spots of the fuel cell stack 22. 

25 Alternatively, the conduit 50 may be adapted to carry a heating fluid. Fuel 

cells perform at temperatures that exceed ambient temperature (e.g., 60-80 °C for 
proton exchange membrane fuel cells to 800-1,000 °C for solid oxide fuel cells) and 
therefore typically need to be pre-heated before they can be used. Although this may 
not be such a problem when fuel cells are run on a continual basis (e.g., stationary 

30 applications such as power plants), it becomes a limitation when fuel cells are used 
intermittently (e.g., portable applications such as cars, electronic devices, etc.). 
Passing an externally heated fluid through the conduit 50 of the bipolar plate 1 0 could 
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be used to rapidly pre-heat fuel cells or to maintain temperature when the fuel cells 
are in a low power or standby state. 

The cooling or heating fluid may be a liquid, a vapor, or a gas. Gases are 
easier to manipulate, but tend to require larger conduits than liquids. The heating and 
5 cooling fluid may comprise air, nitrogen, noble gas elements, water, oil, or mixtures 
thereof. In certain embodiments, the fuel or oxidizing fluid may be routed through the 
temperature regulating conduit 50 of the bipolar plate 10. 

It will be appreciated that the bipolar plate 1 0 may comprise a single 
temperature regulating conduit 50 or a plurality of temperature regulating conduits 50. 

1 0 It will also be appreciated that not all bipolar plates 10 within a fuel cell stack 22 need 
necessarily include a temperature regulating conduit 50. It is also to be understood 
that the temperature regulating conduit or conduits 50 may carry the same fluid for 
different purposes, different fluids for the same purpose, or different fluids for 
different purposes at separate points in time. For example, it may be advantageous to 

1 5 use a particular heating fluid when the stack is in pre-heat mode and then to use a 
different cooling fluid once the stack shifts into work mode. 

The temperature regulating conduit or conduits 50 may be designed in such a 
way that they form an integral recuperative heat exchanger 23 . A recuperative heat 
exchanger 23 of the present invention would be capable of, for example, efficiently 

20 transferring heat produced by the electrochemical reactions within the fuel cell stack 
22 to regions of the bipolar plate 10 (or fuel cell stack 22) involved in reforming fuel 
fluids. As shown in Figure 7, such a design may involve, for example, passing the 
outlet of a temperature regulating conduit 50 along a path that is substantially parallel 
and in close proximity to the inlet region 46 of the flow channel 36. 

25 In certain preferred embodiments, the conduit 50 may be a fuel reforming 

conduit. In such embodiments, the inner surface of the conduit 50 may preferably be 
coated with a reforming catalyst 15 as described earlier for the flow channel 36. In 
the presence of a fuel reforming conduit 50, one could envisage creating a flow 
manifold that connects the fuel reforming conduit 50 and flow channel 36. In such an 

30 embodiment, the fuel fluid might pass initially through the fuel reforming conduit 50 
wherein an internal reforming process would occur in the presence of a suitable 
catalyst, and the hydrogen produced would then pass through the flow channel 36. In 
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certain embodiments, such a flow manifold may further comprise filters that are 
adapted to remove unwanted products or poisons from the reformate such as, for 
example, nitrogen, sulfur, sulfur oxides, carbon monoxide, or carbon dioxide. In 
order to minimize the potential emission of unreacted fuels, in certain embodiments, 
5 the bipolar plate 10 may yet further include an "exhaust" fuel catalytic combuster 
included in conduit 50 adapted to receive the fuel and oxidizer fluids once they have 
left the flow channel 36. The conduit 50 in this case provides a catalytic surface on 
which a complete reaction of fuel and oxidizer can take place prior to final exhausting 
to the environment. The heat derived from this catalytic reaction can be used 

1 0 advantageously for maintenance of stack temperature or preheating reactants or initial 
start up heating of the stack thereby increasing the rate of start temperature. 

It is to be understood that in certain embodiments, the bipolar plate 1 0 of the 
present invention may comprise both a temperature control conduit 50 and a separate 
reforming conduit 50. It is further to be understood that in certain other embodiments, 

1 5 the temperature control conduit 50 and reforming conduit 50 may be one and the same 
conduit 50. 

Referring now to Figure 8, the bipolar plate 1 0 may include a resistive element 
56. The resistive element 56 may be located within the bulk of the bipolar plate 10, or 
on the surface of the bipolar plate 10. For example, the resistive element 56 may be 

20 located on one of the faces 14 or 16 of the bipolar plate 10. Preferably, the resistive 
element is encased within the bipolar plate 10, embedded within the plateaus 40 or 42, 
or embedded within the flow channels 36 or 38 of the bipolar plate 10. As was 
described earlier, fuel cells typically require pre-heating, therefore, in preferred 
embodiments, the resistive element 56 is adapted to heat the bipolar plate 10. The 

25 resistive element 56 may be a thin film resistive element, a thick film resistive 
element, or a diffused resistor. Preferred thin film resistive elements 56 have a 
thickness that ranges anywhere between about 0.01 micron and about 10 microns, 
between about 0.05 micron and about 10 microns, between about 0.05 micron and 
about 5 microns, between about 0.05 micron and about 2 microns, between about 0.1 

30 micron and about 1 microns, or between about 0.2 micron and about 0.7 microns. 
Preferred thick film resistive elements 56 have a thickness that ranges anywhere 
between about 1 micron and about 250 microns, between about 5 microns and about 
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250 microns, between about 5 microns and about 100 microns, between about 10 
microns and about 75 microns, or between about 20 microns and about 50 microns. It 
will be appreciated that the resistive element 56 is preferably connected to an external 
source of electrical current. The resistive element 56 may comprise any suitable 
5 conductive material including but not limited to doped silicon, nickel, chromium, 
tantalum, aluminum, molybdenum, tungsten, titanium, aluminum, palladium, 
platinum, silicides thereof, oxides thereof, and mixtures thereof. 

In certain embodiments of the present invention, the bipolar plate 1 0 may 
further comprise a sensor 17. The sensor 17 may be located within the bulk of the 

10 bipolar plate 1 0 or on the surface of the bipolar plate 10. In preferred embodiments, 
the sensor 17 is embedded within the bipolar plate 10, encased within a plateau 41 (or 
42) or flow channel 36 (or 38), or embedded within a conduit 50. Fuel cell 
performance is dependent on a number of complex parameters that include 
temperature, pressure, fluid flow rate, chemical composition of the fuel fluid, 

1 5 chemical composition of the oxidizing fluid, concentration of poisons, electrolyte 
volume, etc. The ability to monitor these parameters and to integrate their 
fluctuations with external feedback mechanisms would, for example, improve the 
reliability and efficiency of fuel cells, facilitate the start up and shut down of fuel cell 
stacks, enable the control of power output transients, and provide for the inclusion and 

20 control of various safety measures (e.g., a fusible link). Preferred sensors 17 are 
microsensors with dimensions that range between about 1 micron and about 200 
microns, between about 1 micron and about 1 00 microns, between about 1 micron and 
about 50 microns, between about 5 microns and about 50 microns, between about 10 
microns and about 50 microns, or between about 1 5 microns and about 40 microns. 

25 The sensor 1 7 may, for example, be a mechanical sensor (e.g., a piezoresistor, 

a resonant sensor, a capacitive sensor, etc.), a thermal sensor (e.g., a thermistor, a 
thermocouple, etc.), a magnetic sensor (e.g., a Hall Effect sensor), an electrical sensor 
(e.g., a voltage sensor), a chemical sensor (e.g., a MOSFET sensor, an ISFET sensor, 
a fiber optic chemical sensor, etc.), or a radiation sensor (e.g., a photodiode, a 

30 phototransistor, a pyroelectric sensor, etc.). The sensor 17 may be adapted to measure 
parameters that include, but are not limited to, the pressure within the flow channel 36 
(or 38) or conduit 50; the fluid flow rate within the flow channel 36 (or 38) or conduit 
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50; the temperature of the bipolar plate 10; the concentration of hydrogen, oxygen, 
water, hydrogen ions, hydrogen peroxide, carbon monoxide, carbon dioxide, sulfur, 
sulfur oxides, methanol, ethanol, methane, ethane, butane, propane, or pentane within 
the flow channel 36 (or 38) or conduit 50; or the voltage of a cell or set of cells in a 
5 stack as measured with respect to a specific reference potential. 

Pressure may be measured using sensors 17 that comprise thin membranes. A 
sealed (preferably evacuated) cavity is located on one side of the membrane, and the 
other side of the membrane is exposed to the pressure to be measured. The 
deformation of the membrane may be monitored, for example, using piezoresistors or 

10 capacitive sensors. Piezoresistors detect changes in resistance that occur when certain 
materials are placed under strain. Capacitive sensors detect fluctuations in 
capacitance that occur when the distance separating the plates of a capacitor varies. 

The flow rate of fluids within the channel 36 (or 38) or conduit 50 can be 
measured with sensors 17 that comprise hydraulic elements such as turbines. 

1 5 Alternatively, the flow rate of fluids can be monitored using sensors 17 that comprise 
a heating element (e.g., a resistive element). Such sensors 17 rely on the fact that the 
temperature increase of a fluid between the point at which it enters a sensor and the 
point at which it leaves the sensor (i.e., after it has passed over the heating element) is 
proportional to the mass flow rate. 

20 As is well known in the art, temperature may be measured using thermistors 

made from materials with temperature dependent resistance (e.g., metals such as 
platinum but also semiconductors). Alternatively, temperature may be measured 
using thermocouples or thermopiles that include a circuit made from two dissimilar 
semi-conductive or conductive materials (e.g., copper and iron). 

25 Chemical sensors 17 are typically based around a field effect transistor (FET) 

such as a metal oxide semiconductor field effect transistor (MOSFET), an ion 
sensitive field effect transistor (ISFET), or an ISFET derivative (e.g., a MEMFET, a 
SURFET, or a CHEMFET). Alternatively, chemical sensors 17 may comprise fiber 
optic elements that allow the concentration of chemicals to be monitored via, for 

30 example, their absorbance at a particular wavelength of radiation emitted by a light 
emitting diode (LED). 
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It will be appreciated that these examples are not intended to limit the range or 
type of sensors 17 that may be included in the present invention, and that the bipolar 
plate 1 0 may comprise any sensor 1 7 as desired and/or suitable for a particular 
application. 

5 It is to be understood that the bipolar plate 1 0 of the present invention may be 

incorporated into any fuel cell stack 22, and that a fuel cell stack 22 that includes an 
inventive bipolar plate 10 may be incorporated within any power supply 19. As 
illustrated in Figure 9, it is further to be understood that any power supply 1 9 that 
includes an inventive fuel cell stack 22 may be used to power any device 68. 
10 Preferably, the device 68 is a portable electronic device such as, for example, a laptop 
computer, a radio, a CD player, a video camera, a mobile phone, a wireless device, a 
power tool, etc. 

As outlined in Figure 1 0, a method of making the bipolar plate 10 of the 
present invention comprises the steps of (a) providing a substrate 70 having a first 

15 face 14 and a second face 16 and (b) etching fluid flow channels 36 and 38 from the 
first face 14 and second face 16, respectively. In certain embodiments, the substrate 
70 is a semi-conductive material such as a Group IV semiconductor, a Group III-V 
semiconductor, or a Group II-VI semiconductor. In preferred embodiments, the 
semiconductor substrate 70 is doped with boron, aluminum, gallium, indium, 

20 phosphorous, arsenic, antimony, or bismuth. In certain other embodiments, the 
substrate 70 is a metal such as stainless steel, nickel, iron, chromium, tungsten, 
carbon, cobalt, titanium, or an alloy thereof. In yet certain other embodiments, the 
substrate 70 is a carbon material, preferably graphite. 

As illustrated in Figure 1 1, in certain embodiments, the step of etching a fluid 

25 flow channel 36 (or 38) is preceded by the steps of (a) applying at least one mask 21 
to the first face 14 (or second face 16) of the substrate 70, and (b) patterning the at 
least one mask 21 by photolithography. As is well known in the art, patterned masks 
are commonly used to direct the etching of patterns on substrates. The mask 21 may 
be a hard mask or a soft mask. It is to be understood that any suitable hard or soft 

30 mask may be used according to the method of the present invention. Hard masks are 
typically oxides, carbides, or nitrides of the substrate material (e.g., a silicon nitride 
mask for a silicon substrate), oxides, carbides, or nitrides of a chemically similar 
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material (e.g., an aluminum oxide mask for a gallium arsenide substrate), or metallic 
(e.g., aluminum, titanium, chromium and nickel). Soft masks are typically light 
sensitive polymers that are weakened (positive resist) or strengthened (negative resist) 
when exposed to visible or ultraviolet radiation, and selectively removed when 
5 subsequently processed with an appropriate developer solution. The hard mask may 
be grown on the first face 14 (or second face 16) of the substrate 70. In preferred 
embodiments, the step of applying a hard mask is performed by sputter deposition, 
chemical vapor deposition, evaporation, or combinations thereof. In preferred 
embodiments, the step of applying a soft mask is performed by spin coating, dip 

1 0 coating, or dry film laminating. 

The step of patterning the mask 21 once applied to the substrate 70 may be 
performed by any known photolithographic technique. As is well known in the art, 
soft masks are typically directly patterned by irradiation through a chrome/glass or 
chrome/quartz mask while hard masks usually require further processing with a soft 

15 mask. 

In certain embodiments, the steps of (a) applying at least one mask 21 to the 
first face 14 (or second face 16) of the substrate 70, and (b) patterning the at least one 
mask 21 by photolithography may be followed by a step of doping the exposed 
substrate 70 with boron prior to the step of etching a fluid flow channel 36 (or 38). 

20 As is well known in the art, the etching of materials such as silicon with etchants such 
as potassium hydroxide or tetramefhyl ammonium hydroxide (TMAH) is slowed or 
even stopped in the presence of high concentrations of boron dopant. It will be 
appreciated, that the use of boron concentration dependent etching could be 
advantageously used to control the etching process. As is well known in the art, 

25 boron doping may be achieved by ion implantation, high temperature diffusion, or a 
combination thereof. 

The step of etching the flow channel 36 (or 38) may be performed by any 
known wet or plasma etching means. The step of etching the flow channel 36 (or 38) 
may, for example, involve the use of wet anisotropic etchants, wet isotropic etchants, 

30 plasma anisotropic etchants, plasma isotropic etchants, or some combination thereof. 
It will be appreciated that the specific etching means adopted will depend on (a) the 
nature of substrate 70, (b) the nature of the mask 21, (c) the desired timescale of the 
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etching step, (d) the desired dimensions (e.g., width and depth) of the flow channel, 
(e) the desired cross-sectional profile (e.g., angular or curved) of the flow channel, 
and (f) the associated costs. 

As is well known in the art, isotropic etchants attack the material being etched 
5 at the same rate in all directions and as a consequence tend to produce etches with 
curved cross-sectional profiles. Anisotropic etchants on the other hand attack the 
material being etched at different rates in different directions and can therefore be 
used to produce etches with more vertical or angular cross-sectional profiles. 

Wet etchants are typically acids or alkalis. Hydrofluoric acid, hydrochloric 

1 0 acid, nitric acid, sulfuric acid, acetic acid, phosphoric acid, hydrogen peroxide, and 
mixtures thereof are non-limiting examples of wet isotropic etchants commonly used 
to etch silicon substrates. Potassium hydroxide, tetramethyl ammonium hydroxide, 
ammonium hydroxide, sodium hydroxide, cerium hydroxide, ethylene diamine 
pyroatechol, or aqueous ferric chloride, are non-limiting examples of wet anisotropic 

15 etchants commonly used to etch silicon substrates. Electrochemical etchants are 

further examples of wet etchants that may be used according to the present invention. 

Plasmas are highly ionized gases composed of ions, electrons, and neutral 
particles. Plasmas used to etch silicon typically include fluorine compounds such as 
sulfur hexafluoride, nitrogen trifluoride, tetrafluoromethane, trifluoromethane, 

20 dichlorodifluoromethane, trifluoroiodomethane, perfluoroethane, perfiuoropropane, 
and perfluorocyclobutane. Plasmas used to etch aluminum frequently include boron 
trichloride and/or chlorine, while ferric chloride plasmas are commonly used to etch 
stainless steel materials. Other compounds used in plasma etchants include but are 
not limited to argon, oxygen, and hydrogen. 

25 As is well known in the art, the flow channel 36 (or 3 8) may alternatively be 

created by directly irradiating the substrate 70 through a chrome/quartz mask (with or 
without further intervening optics such as lenses) with ultraviolet radiation from a 
pulsed excimer laser. 

It is to be understood, that the above examples of etchants and etching 

30 techniques are not intended to limit the scope of the methods that may be used, and 
that any etching technique that is suitable for a given material and application may be 
used according to the present invention. 



10011322 

21 

The method of the present invention may additionally comprise the step of 
creating a conduit 50 that passes through the substrate 70. As was described earlier, 
when adapted to receive a cooling fluid, a conduit 50 may be used to cool the bipolar 
plate 10 of the present invention. Alternatively, when adapted to receive a heating 
5 fluid, a conduit 50 may be used to heat the bipolar plate 10 of the present invention. 
In certain embodiments, the step of creating the conduit 50 may be performed by 
etching. Additionally or alternatively, as illustrated in Figure 12, in certain preferred 
embodiments, the step of creating the conduit 50 may be performed by etching 
complementary grooves 72 on the surface of two opposed substrates 70, and then 

1 0 bonding the surfaces in a subsequent step to form a tubular conduit 50. A range of 
metal, carbon and semiconductor bonding methods are known in the art, these include 
but are not limited to adhesive bonding, anodic bonding, eutectic bonding, fusion 
bonding, soldering, microwave bonding, and thermocompression. In certain other 
embodiments, the step of creating a conduit 50 may be performed by drilling, abrasive 

1 5 machining (i.e. sand blasting), laser machining, or laser ablation. It is to be 
understood that the internal inlet 58 (or 62) and internal outlet 60 (or 64) flow 
manifolds illustrated in Figure 5 may be created by any of the methods described 
above for creating a conduit 50 of the present invention. 

The method of the present invention may additionally comprise the step of 

20 coating the first face 14 (and/or second face 16) including the flow channel or 

channels 36 (or 38) and plateaus 40 (or 42) with a precious metal such as gold. As 
was mentioned earlier, the presence of an unreactive precious metal layer may prove 
advantageous in preventing the build up of an insulating oxide layer on the faces 14 
and/or 16 of the bipolar plate 10. It will be appreciated that the coating of certain 

25 materials (e.g., silicon) with precious metals may be enhanced by coating the material 
with a seed or adhesive layer of a metal such as tantalum, chromium, or titanium. As 
is well known in the art, these coating steps may be performed using a variety of 
techniques that include, but are not limited to, sputter deposition, chemical vapor 
deposition, evaporation, electroplating, solution deposition, or combinations thereof. 

30 The method of the present invention may additionally comprise the step of 

coating the flow channel 36 and/or conduit 50 with a reforming catalyst 15. As was 
described earlier, the presence of a reforming catalyst 1 5 in communication with fuel 
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fluids within the flow channel 36 and/or conduit 50 may provide the bipolar plate 10 
of the present invention with internal reforming capabilities. Alternatively, catalysts 
applied in related regions of flow channels or conduits can be used to react unreacted 
fuel prior to exhausting into the ambient. As is well known in the art, the coating step 
5 may be performed using a variety of techniques that include, but are not limited to, 
sputter deposition, chemical vapor deposition, evaporation, electroplating, solution 
deposition, or combinations thereof. The choice of method will be apparent to one of 
ordinary skill in the art, and will most likely depend on (a) the nature of the substrate 
70, (b) the nature of the catalyst, (c) the dimensions of the flow channel 36 or conduit 

1 0 50, (d) the physical properties of the deposited catalyst, and (e) the associated costs. 
It will be appreciated that the coating step may be integrated with the steps involved 
in creating the flow channel 36 or conduit 50. For example, a patterned hard mask 21 
used to direct the etching process may advantageously be used to direct the selective 
coating of an etched flow channel 36 or conduit 50. It will also be appreciated that in 

1 5 certain embodiments a support layer (e.g., alumina, zirconia, silica, etc.) may be 
deposited within the channel 36 or conduit 50 prior to the coating step. As is well 
known in the art, the performance of certain catalysts is highly dependent on the 
chemical and/or physical characteristics of the support with which they are associated. 
The method of the present invention may additionally comprise the step of 

20 creating a resistive element 56 that is located within the bulk of the substrate 70 or 
located on the surface of the substrate 70. As was described earlier, a resistive 
element 56 may be advantageously used to heat, and particularly to pre-heat, the 
bipolar plate 10 of the present invention. The resistive element 56 may be a thin film, 
a thick film, or a diffused resistor and may be created by any known processing 

25 technique. The step of creating a resistive element 56 may, for example, be 

performed by a combination of one or more of photolithography, wet etching, plasma 
etching, ion implantation, high temperature diffusion, boron concentration dependent 
etching, electrochemical etching, bonding, lift off, spin coating, dip coating, sputter 
deposition, evaporation, electroplating, solution deposition, and chemical vapor 

30 deposition. 

The method of the present invention may additionally comprise the step of 
micromachining a sensor 17 from the bulk or surface of the substrate 70. As was 
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described earlier, the presence of a sensor 17 associated with the bipolar plate 10 of 
the present invention would enable a range of physical and chemical parameters of the 
fuel cell stack 22 to be monitored. The monitoring of these parameters could in turn 
be used to control feedback mechanisms and hence would promote the stability of the 
5 fuel cell stack 22. Any bulk and/or surface micromachining technique known in the 
art may be used to construct a sensor 1 7 of the present invention. The step of 
micromachining a sensor 17 may, for example, be performed by a combination of one 
or more of photolithography, wet etching, plasma etching, boron concentration 
dependent etching, electrochemical etching, bonding, lift off, spin coating, dip 

10 coating, sputter deposition, evaporation, electroplating, solution deposition, and 
chemical vapor deposition. 

Figure 13 depicts the various steps that may be included in making a bipolar 
plate 10 of the present invention. 

It is to be understood that within the parameters discussed herein, the above 

1 5 description of an inventive bipolar plate 1 0 and the above description of an inventive 
method of making the bipolar plate 1 0 may also be applied to an end plate 1 1 (see 
Figure 2) of the present invention. As is well known in the art, unlike bipolar plates 
1 0 that are arranged between adjacent fuel cells within the body of the fuel cell stack 
22, end plates 1 1 are located at the extremities of the fuel cell stack 22 and are 

20 therefore designed to contact either a fuel cell anode or a fuel cell cathode, but not 
both. As a consequence, it will be appreciated that unlike bipolar plates that 
preferably comprise flow channels on both faces of the plate, end plates comprise a 
substantially planar face 13 adapted to form a current collecting surface and contact a 
structural backing plate 66 (see Figure 2), and a flow face 15 comprising flow 

25 channels adapted to confine either fuel or oxidizing fluids. It is to be understood that 
the backing plates 66 are preferably associated with further structural elements (not 
shown for simplicity) that maintain the stack 22 under pressure. It is also to be 
understood that the present invention encompasses methods of making any fuel cell 
stack 22 that include a step of incorporating a bipolar plate 1 0 of the present invention 

30 within a fuel cell stack 22. 

It is yet further to be understood, that although in certain embodiments the 
bipolar plate 10 and end plate 1 1 are preferably adapted to provide a substantially 
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semi-conductive or conductive electrical contact between the neighboring fuel cells of 
a stack, in certain other embodiments the bipolar plate 1 0 and end plate 1 1 may be 
adapted to provide a substantially insulating electrical contact between the 
neighboring fuel cells of a stack. One could, for example, envisage a stack design 
5 wherein a group of fuel cells connected in series are arranged horizontally (i.e., side 
to side) instead of vertically (i.e., face to face as in Figure 2). Such a horizontal stack 
could be completed with a first end plate arranged above the stack (adapted to contact 
and supply an oxidizing agent to the cathodes of the fuel cells) and a second end plate 
arranged below the stack (adapted to contact and supply fuel to the anodes of the fuel 
10 cells). 

Some of the advantages of the present invention include, but are not limited to, 
the following: 

The bipolar plates or end plates of the present invention may comprise semi- 
conductive or conductive bodies, intricate features with close tolerances such as 

1 5 narrow flow channels and conduits with complex flow paths, integral resistive heating 
elements, internal catalytic reforming capability, waste fuel catalytic combuster, 
integral heat exchanging structure, substantially flat and undistorted contact faces, 
integral sensors, and internal recuperative heat exchanging capacity. 

As a consequence of these optional features, when assembled within a fuel cell 

20 stack, the bipolar and end plates of the present invention may be used to perform a 

number of novel tasks that include monitoring and relaying information on a range of 
parameters within the fuel cell stack such as temperature, pressure, flow rate, 
chemical composition, voltage, etc., reforming fuel fluids within the flow channels or 
conduits, pre-heating the fuel cells via heating fluids, pre-heating the fuel cell stack 

25 via resistive heating elements, and cooling the fuel cells via cooling fluids. 

The method of the present invention involves a range of integrated processing 
techniques (e.g., thin and thick film processing, etching, photolithography, 
micromachining, etc.) that enable a flexible approach to bipolar and end plate design. 
In addition, the ability to reliably produce features on a small scale allows for the 

30 potential miniaturization of bipolar plates and end plates and is therefore ideally 

suited to further the development of small scale (e.g., less than 200 W) portable fuel 
cell systems. 
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OTHER EMBODIMENTS 
Other embodiments of the invention will be apparent to those skilled in the art 
from a consideration of the specification or practice of the invention disclosed herein. 
It is intended that the specification and examples provided herein be considered as 
exemplary only, with the true scope of the invention being indicated by the following 
claims. 



